Abstract: An investigation was done on the effect of different types of organic mulches that were applied in form of straw to the soil mulching process, on the weed infestation, number, and fresh mass of weeds in broccoli cv. Milady F 1 (Brassica oleracea L. var. italica Plenck) and tomato cv. Polfast F 1 (Lycopersicon esculentum Mill.) grown under polypropylene fibre as a covering, or grown without a covering. The different types of organic straw mulches were: rye (Secale cereale L.), corn (Zea mays L.), rape (Brassica napus L. subsp. napus), and buckwheat (Fagopyrum esculentum Moench.). All the organic mulches were applied at a dose of 10 t/ha. The effect of the mulches was compared to a control plot which had no mulch. The type of organic mulch applied to the soil mulching process influenced species composition, number, and fresh mass of weeds. This effect could be the result of the properties of the mulch (colour, structure, etc.) or the allelopathic effect on the germination and growth of individual weeds species. Irrespective of the investigated factors, 24 and 25 weeds species, respectively, were observed immediately after cover removal and before broccoli and tomato harvest.
Introduction
In the integrated and ecological agriculture systems, more attention is being paid to what can be the longest possible period of soil coverage with plant mulches and mulches from straw after cereal grain harvest (Liebman and Davis 2000; Bàrberi 2002; Economou et al. 2002; Campiglia et al. 2010; Bittencourt et al. 2013) . When straw from plants is left in the field as mulch, erosion is reduced, and the biological activity of the soil increases, both of which efficiently inhibit the growth of weeds (Hembry and Davies 1994; Teasdale and Mohler 2000; Duppong et al. 2004; Grassbaugh et al. 2004; Rogers et al. 2004; Ramakrishna et al. 2006) . Organic mulch can block light to the soil surface, reducing the germination and growth of weeds (Anyszka and Dobrzański 2008) . Infestation is limited by both the mechanical effect of an application of mulch (Hembry and Davies 1994) , and by the allopathic effect of chemical compounds contained in the tissue of plant mulches (Creamer et al. 1996; Smeda and Weller 1996) . According to Jodaugienė et al. (2006) , a positive effect of mulch is particularly visible in the period of intensive weed germination. In the study by Zagaroza (2003) , how efficient the mulch was depended on the thickness of the mulch layer on the soil surface.
There is a limited number of studies pertaining to the application of organic mulch in the cultivation of vegetables. Studies dealing with the application of straw mulches in bean and onion cultivation were carried out by Jodaugienė et al. (2006) . Radics and Bognár (2004) and Grassbaugh et al. (2004) examined mulches used with tomatoes, Döring et al. (2005) with potatoes, whereas Sinkevičienė et al. (2009) investigated the effect of mulches in onions, red beets, cabbages, and potatoes.
The use of a plastic cover significantly influenced the growth of crop plants and also caused increased weed infestation. Mechanical and chemical weed control under the plastic covers is difficult. Limiting the growth of weeds under the covers could be achieved by applying different types of mulch. Simultaneous soil mulching and plant covering can positively influence vegetable yield.
The study aimed to determine the effect of soil mulching with organic mulch on the weeds infestation, number, and fresh mass of weeds in broccoli and tomato cultivation under a polypropylene fibre cover, compared to using no cover.
Materials and Methods
The experiment was carried out between 2010 and 2012 at the Experimental Farm in Zawady, which is located in central-eastern Poland (52°03'N, 22°33'E), 115 km east of Warsaw. According to the international system of FAO classification, the soil was classified as a Luvisol (LV) [World Reference Base for Soil Resources 1998 ].
The experiment was established in a split-block design with three replicates. Effects of the following factors were investigated: the plant coverings (without any cover, under a polypropylene fibre cover), and the type of organic mulch with straw applied as soil mulching [rye (Secale cereale L.), corn (Zea mays L.), rape (Brassica napus L. subsp. napus), buckwheat (Fagopyrum esculentum Moench.)]. The effect of using mulch was compared to a control plot in which mulch was not used. The effect of the examined factors on the weed infestation, as well as number and fresh mass of weeds in broccoli cv. Milady F 1 (Brassica oleracea L. var. italica Plenck) and tomato cv. Polfast F 1 (Lycopersicon esculentum Mill.) was investigated.
A reason for selecting the specific cultivars that were used in the study was because they were early and also useful for cultivation in the open field. Broccoli cv. Milady F 1 is characterised as having a high mass of heads and as being of very good quality. It is also resistant to Peronospora parasitica as well as Erwinia spp., and Pseudomonas spp. Tomato cv. Polfast F 1 is characterised as having an average fruit mass which are of very good quality, and as having a high content of dry matter and extract. This cultivar produces a high yield even in low air temperatures. It is also more resistant to diseases compared to other tomato cultivars.
The field for cultivation of the vegetables was prepared in accordance with the principles of proper agricultural technology. Broccoli and tomato seedlings were produced in non-heated and heated greenhouse, respectively, in the traditional way of growing the vegetables.
Directly before the seedlings were planted, a particular type of organic mulch at a dose of 10 t/ha was applied. Mulch with rye, rape, and buckwheat straw was in rather long (30-40 cm) pieces. These pieces were crumbled up, so it would be easy to spread them on the field. However, mulch with corn straw was chopped up into short pieces (20-30 cm) . The thickness of the mulch layer depended on the type of mulch. In the case of rye and rape straw, the thickness of the mulch layer amounted, on average, to 7-8 cm.
In the case of corn straw, the mulch layer amounted to about 5 cm, however for buckwheat straw the average was 8-10 cm.
Broccoli seedlings were planted in successive years of the study on the 19th, 18th, and 23rd of April, at a spacing of 50 × 50 cm. Tomato seedlings were planted, respectively, on 20th, 16th, and the 14th of May, at a spacing of 60 × 40 cm. After planting suitable combinations of seedlings, they were covered with polypropylene fibre Pegas Agro 17 UV. The covers were removed after four and three weeks from broccoli and tomato, respectively.
The effect of the examined factors on weed infestation was estimated twice each year. The primary infestation was performed in the initial period of vegetable growth, directly after cover removal, which meant the third 10 days of May in broccoli cultivation, and the second 10 days of June in tomato cultivation. After that, manual weeding was performed. The secondary infestation in broccoli cultivation was performed before harvesting, which meant the third 10 days of June, and in tomato cultivation at the beginning of the fruit harvest, which meant the third 10 days of July. Weed infestation was determined by the quantitative-weighing method. This method entailed determining the number of individual weeds species and their fresh mass in each plot. Samples were taken from an area of a selected 0.5 m square at two randomly selected places in each plot. The weight of the weeds was expressed per 1 m 2 .
The results were statistically analysed by means of the analysis of variance following the mathematical model for the split-block design. Significance of differences was determined by the Tukey test at the significance level of p = 0.05.
Results and Discussion

The effect of covering and mulching on the weed composition
The species composition of weed communities depends largely on soil and climate conditions (Zarzecka and Gąsiorowska 2001) and agrotechny treatments (Pszczółkowski 2003a) . In this study, after cover removal from broccoli cultivation, 19 weed species made up of 16 annuals and 3 perennials, were noted. In tomato cultivation, 22 weed species, including 20 annuals and 2 perennials were observed, mostly characteristic for vegetable crops (Tables 1-2). Irrespective of the examined factors, the dominant species among the annuals were Chenopodium album L., Echinochloa crus-galli (L.) P. Beauv., Fallopia convolvulus (L.) Á. Löve, Stellaria media (L.) Vill., and Viola arvensis L. However, among the perennials, the most common weed was Elymus repens (L.) Gould. The composition of the weed species was similar to that found in the study carried out in mid-east Poland (Zarzecka and Gugała 2005) . Of the total number of species in the broccoli cultivation experiment, Myosotis arvensis (L.) Hill., Polygonum persicaria L., Conyza canadensis (L.) Cronquist., Raphanus raphanistrum L., and Anthemis arvensis L. were not observed. In tomato cultivation, Centaurea cyanus L. was not observed. According to Yordanova and Shaban (2007) , organic mulch, irrespective of the mulch layer on the soil surface, did not provide good weed control, especially against the perennial weeds.
In this study, the application of a polypropylene fibre cover caused increased infestation in the initial period of vegetable growth compared with plots without cover (Table 1-2). In analysing the occurrence of annual weeds, it was found that in broccoli cultivation, the number of E. crus-galli under cover was four times greater, and the number of Ch. album was almost two times that of plots without cover. In tomato cultivation, the differences were lower. The number of V. arvensis under cover was higher by 43%, and the number of E. crus-galli was higher by 69% than plots without cover. In comparing the intensity of perennial weed infestation, it was found that the number of E. repens under cover in broccoli cultivation was two times greater, and in tomato it was three times greater, than in plots without cover.
Irrespective of the type, organic mulch limited infestation in both vegetable species (Tables 1-2) . Mulch with rye straw reduced the occurrence of Ch. album, S. media and V. arvensis the most. F. convolvulus was reduced the most by buckwheat straw, and E. crus-galli was reduced the most by corn and buckwheat straw. Among the investigated types of mulch, buckwheat and rape straw limited E. repens.
There was a total of 20 weed species noted before the broccoli and tomatoes were harvested. The weed species included 17 annual and 3 perennial (Tables 3-4). Irrespective of vegetable type, the dominant weed species among annuals were Ch. album, V. arvensis, and Veronica arvensis L., E. crus-galli. Among perennials, as was similar to the first date that estimations were done, the dominant weed species was E. repens. The species Ch. album occurs most frequently in broccoli after the cover is removed. The number of Ch. album decreased almost three-fold, and V. arvensis in tomato decreased two-fold at the estimation which was done before the vegetable harvest (Tables 1-4) . Of the total number of species in this estimation date, we did not observe F. esculentum or Geranium pusillum L. in broccoli cultivation. In tomato cultivation, we did not observe the presence of Thlaspi arvense L., Vicia sativa L., or Galium aparine L.
Before vegetable harvest, crop infestation in the plots covered with polypropylene fibre was lower than in the plots without cover (Tables 3-4) .
Infestation was lower but still visible, as a result of soil mulching before harvesting the vegetables (Tables 3-4) . Ch. album and V. arvensis was most limited by mulch with buckwheat straw. Veronica arvensis was most limited by mulch with rye and rape straw. E. crus-galli was most limited by mulch with rye straw. Investigations by Jodaugienė et al. (2006) showed that the mulching of soil with various organic mulches is particularly important in the first part of summer. According to the authors, in the second part of summer, weed emergence is weaker in comparison with what occurs in spring and early summer. This means that mulch has less influence later in the summer.
The effect of covering and mulching on the total number of weeds
This study's results indicate the significant influence that plant covering and the type of organic mulch applied to soil mulching has on the number of weeds in both cultivated vegetables immediately after cover removal (Table 5 ). The covering with polypropylene fibre increased the number of weeds in this period in broccoli, on average, by 119.1 no./m 2 and in tomato by 66.5 no./m 2 compared to plots without cover. A study by Pszczółkowski (2003b) revealed that good thermal conditions under covers are favourable not only for crop plants but also for weeds. This was confirmed in studies by Wierzbicka (1995) and Roztropowicz and Lutomirska (1997) . The number of weeds in the covered plots was much higher than in plots without cover. According to Roztropowicz and Lutomirska (1997) , higher soil temperature and air saturated with water vapour favour weed development; especially the development of the thermophilic species.
Irrespective of the covering, all the mulch types applied in the experiment significantly reduced the number of weeds in broccoli. This was confirmed by a study by Jodaugienė et al. (2006) , in which the number of weeds per 1 m 2 in full vegetation ranged from 289.0 to 522.5 in mulched soil; however, 1,378.9 weeds occurred in soil without mulch. In a study by Mohtisham et al. (2013) , straw mulch reduced the number of germinating weeds by half compared to a control without mulch. Similarly, in a study by Radics and Bognar (2004) , mulching with straw and grass significantly limited weed germination compared to plots without mulch. In this study, we also found significantly fewer weeds in plots with rye and buckwheat straw compared to mulch with corn and rape straw.
In the tomato cultivation without cover, the control plot without mulch had the most weeds. Mulch with rye straw significantly limited infestation compared to plots mulched with the remaining types of mulch. In plots with corn straw, there were significantly fewer weeds than in plots with buckwheat straw. In tomato cultivation under cover there were significantly less weeds noted on the mulch with rye straw. It was also found that corn straw mulch significantly reduced weed infestation compared to rape straw and the control plot without mulch. In the study by Jodaugienė et al. (2006) , among all organic mulches, the mulch that limited weed germination the most at the beginning of summer (3.5-14.1 times) was straw. Straw mulch's favourable effect on the limiting of weeds infestation was also confirmed in the studies by Petersen and Röver (2005) and Ramakrishna et al. (2006) . The weed-suppressing effect of straw mulch reported in studies, can also result from a limited amount of light reaching the soil surface. According to Weber and Hryńczuk (2005) [in Klümper et al. (1996) ], germination of some weed species depends on the so-called light reaction which stimulates plant emergence. Cardina et al. (1991) and Mohler and Teasdale (1993) claim that lack of light makes weeds remain dormant in the top soil layer, and as a result, no infestation of crop plants takes place. In their studies, Döring et al. (2005) found no significant influence of straw mulching on the number of weeds. According to the authors, the doses of straw they examined (1.25 t/ha, 2.5 t/ha, 5 t/ha) neither reduced nor enhanced weed infestation significantly. They attributed it mainly to the small amounts of straw applied. Hembry and Davies (1994) found that weed growth still occurred at 20 t/ha of straw mulch, although there were fewer weeds.
Before the harvesting of the vegetables, a significantly lower number of weeds was found in plots covered with polypropylene fibre (Table 6 ). The difference amounted to 21.2 no./m 2 for broccoli and 31.6 no./m 2 for tomato. In broccoli cultivation without cover, there were significantThe effect of soil mulching on weed infestation in vegetables cultivated under covers 193 ly fewer weeds found in plots mulched with buckwheat straw compared to corn straw, and the control without mulch. The differences amounted to 16.0 and 21.4 no./m 2 , respectively. However, in the cultivation taking place under cover, organic mulch -irrespective of the type, contributed significantly to a decrease in the number of weeds compared to the control plot.
In tomato cultivation, all types of mulch significantly decreased the number of weeds. Both in the plots without cover and the plots covered with polypropylene fibre, the most effective for limiting the weed infestation was rye and buckwheat straw. Mulch with rape straw had less influence on reducing the number of weeds. The results of our study indicated that the type of mulch had a significant influence on the number of weeds suppressed, which may be due to the allelopathic effects of straw on the germination of individual species. Teasdale and Mohler (2000) and Vidal and Baumann (1994) claim that weed suppression can result from the mulch layer's ability to liberate substances inhibiting the development of some weed species. This is confirmed in the study by Creamer et al. (1996) . According to the author's cover crop, residues remaining on the soil surface can physically modify seed germination by altering the seed environment (changes in light availability, soil temperatures, and soil moistures) and through other types of interference, primarily allelopathy. The effect of covering and mulching on fresh weed masses An interaction of the investigated factors had a significant influence on the fresh mass of weeds in broccoli and tomato cultivation immediately after cover removal (Table 7) . The study results showed that covering the plants with polypropylene fibre caused an increase in the fresh mass of weeds, on average, by 198.0 g/m 2 in broccoli and 244.8 g/m 2 in tomato cultivation. An increased, mass of weeds as a result of covering was confirmed in the study by Peakock (1991) . However, in the study by Pszczółkowski (2003b) , the fresh mass of weeds from plots covered with perforated foil and polypropylene fibre, as well as the control without a cover, did not differ significantly.
In broccoli cultivation without a cover, there were significantly fewer fresh masses of weeds found in plots mulched with rye, corn, and buckwheat straw, compared to the control without mulch. The fresh mass of weeds on the rape straw mulch was also lower than in the control plot but the difference was not statistically confirmed. In the covered plots, all types of mulch contributed to a significant decrease in weed mass compared to the control plot which had no mulching. An application of rye and buckwheat straw significantly decreased the weed mass compared to that found on the mulch with corn and buckwheat straw, compared to rape straw.
In tomato cultivation, both in combination with cover and without cover, a significantly lower mass characterised weeds from rye and buckwheat straw compared to the remaining type of mulch, and the control which did not have mulch. In cultivation under cover, it was also found that weeds from mulch with corn straw were characterised by a lower mass than the mass of weeds from rape.
Before the broccoli harvest, plant coverings and the type of mulch had a significant influence on the fresh mass of weeds (Table 8 ). The study results indicated that weeds from the cultivation of the vegetables under cover, were characterised as having a significantly lower fresh mass. The difference, compared to the mass of weeds from plots without a cover, amounted to 219.4 g/m 2 . It was also found that mulch with buckwheat straw was the most effective. Weeds from plots mulched with rye straw were also characterised as having a significantly lower fresh mass, compared to the control plot. The mass of weeds from plots mulched with corn and rape straw was lower than in the control but the difference was not statistically confirmed.
Before the tomato fruit was harvested, the type of mulch applied to the soil had a significant influence on the mass of weeds. It was found that all the types of mulch contributed to a decrease in the mean mass of weeds, compared to the control plot without mulch. Mulch with rye and buckwheat straw reduced the mass of weeds compared to rape straw mulch. This was confirmed in the study by Zaniewicz-Bajkowska et al. (2009) , in which straw mulch left on the field till cabbage harvest, significantly reduced the fresh mass of weeds, on average, by 38.8% compared to the control without mulch. In the study by Din et al. (2013) , soil mulching with wheat straw in corn cultivation contributed to a decreased mass of weeds, on average, by 27.1%, compared to the plot without straw. In the study by Duppong et al. (2004) , mulch with oat straw caused a significant decrease in the mass of weeds compared to the control. In turn, Ahmed et al. (2007) claimed that mulch with wheat straw contributed to a significant decrease in the mass of weeds, compared to the control, however, higher rates of mulch application controlled weeds more effectively. A trend showing a gradual decrease in weed biomass when there was an increase in the mulch rate, was observed. This is confirmed in the study by Uwah and Iwo (2011) , in which there was a decrease in the mass of weeds when there was an increase in the grass dose applied to soil mulching. The most weeds with the highest mass was found in the control plot which did not receive mulch. Also in the study by Zarea et al. (2010) , the greater total crop biomass caused higher weed suppression. The effect of soil mulching on weed infestation in vegetables cultivated under covers 197
Conclusions
The investigated experimental factors influenced the species composition, number, and fresh weed mass. In both estimation dates (after cover removal and before the vegetables harvest), there were 24 and 25 noted weeds species, respectively, mostly characteristic for vegetable crops. The dominant species among the annuals were Ch. album, E. crus-galli, V. arvensis, however, among the perennials, the most common weed was E. repens. The abundant infestation and also the presence of a few perennial species could be due to the low dose of straw applied in the soil mulching process. The application of a polypropylene fibre cover caused an increased weed infestation in the initial period of vegetable growth, compared with plots without a cover. The increase in air and soil temperature, and moisture under polypropylene fibre covers provide good conditions for growth and development of not only crop plants but also weeds. This is why there is a higher crop infestation in covered plots. However, before vegetable harvest, a decrease was found in the number and fresh mass of weeds in the covered plots. Lower infestation on the covered plots was due to the fast rate of crop plant growth and higher possibilities to compete with weeds compared to those plants not under a cover.
The results showed that all types of mulch caused a decrease in weed infestation, compared to the control plot which did not receive mulch. The most efficient for limiting infestation was mulch with buckwheat and rye straw.
natural mulches on crop performance, weed suppression LSD (0,05) for: cultivation = ns; kind of straw mulch = 328.1; cultivation × kind of straw mulch = ns
